The prominent role Ca 2+ ion plays as a major small biological messenger is fascinating. There are many physiologically important ions, such as Na + 3+ , and PO 4 3 that participate in cell signaling. Among them, monovalent ions primarily contribute to rapid electrical signaling, while multivalent ions generally act as a co-factor for chemical reactions by associating with the host molecule through electrostatic or covalent interactions. Ca 2+ plays both roles. Its transmembrane influx supports the plateau phase of cardiac action potential and helps set the speed of pacemaker potential. Inside the cell, Ca 2+ switches on (or off) a large array of effectors that control crucial biological processes, such as exocytosis (including neurotransmitter release and secretion), muscle contraction, fertilization, enzymatic activities (e.g., the blood-clotting cascade), and immune responses to antigens [1] .
Why is it Ca 2+ instead of another ion, say, its earth metal ion cousin Mg 2+ , that has been favored through evolution to assume such a ubiquitous messenger role in biology? The answer-which likely lies in the unique match between the chemical properties of Ca 2+ and the life on Earth-may not be straightforward or singular. It is interesting to observe that Ca 2+ is predominantly coordinated in the interior of proteins by oxygen atoms [2] . In comparison, Mg 2+ ions tend to be coordinated by phosphate groups of proteins and nucleotides (ATP, DNA, RNA), Zn 2+ and Cu 2+ by the sulfhydryl group of cysteine residues and by the imidazole group of histidine residues. Modern biological research has nonetheless revealed many facts that help explain how Ca 2+ carries out its messenger function. In a simplified view, the cell effectively maintains the cytosolic Ca 2+ concentration at extremely low levels (~100 nmol L 1 , these sensors in turn modulate the function of various effectors. Multiple-step signaling is advantageous in enhancing sensitivity and flexibility. Calmodulin-mediated signaling is demonstrated nicely in this issue by an original study by Wang HongBing and colleagues [4] . The study concerns calmodulin-mediated Ca 2+ regulation of protein kinase IV (CaMKIV), which plays critical roles in the regulation of neuronal signaling and behavior. An increase in neuronal activity of cortical neurons is expected to cause an increase in cytosolic Ca 2+ concentration, activating in turn calmodulin, CaMKIV, and the downstream targets of this kinase.
Ca 2+ homeostasis (Figure 2)
The plasma Ca 2+ concentration is tightly controlled and fluctuates only by 1%2% of its normal level (low mmol L 1 ). A large fraction of Ca 2+ ions bind to proteins (such as albumin) and anions (such as bicarbonate, citrate, phosphate and sulfate), while the remaining circulate in unbound form. To ensure a stable level of plasma Ca 2+ , there are readily available supplies. Intake of calcium from food is the main source for replenishing daily loss through urine and sweat. However, excess loss of plasma Ca 2+ (hypocalcemia), e.g., due to heavy consumption of alcohol or tea, is balanced by dissolving calcium from bones and teeth, resulting in osteoporosis-spongy low-density bones. Parathyroid hormone released from parathyroid gland controls diet calcium intake, release of mineral calcium from bones by osteoclast and reabsorption of ionic calcium from urine in kidney. Calcium-sensing receptors (CaSRs) are responsible for detecting the extracellular (equivalent to the plasma) Ca 2+ level in these organs, and control parathyroid hormone release and Ca 2+ reabsorption. Genetic mutations in CaSRs lead to hypocalcemia or hypercalcemia. In this issue, Yang Jenny and colleagues [5] 3 Ca 2+ transport pathways (Figure 3) There are four major pathways for Ca 2+ entrance across the plasma membrane. The pathway controlled by rapid electrical signaling (action potential) is mainly mediated by the voltage-gated Ca 2+ (Ca v ) channels. There are a number of Ca v channels that vary in tissue and cell distribution, conductivity, and voltage sensitivity [6] . Auxiliary Ca v β subunits are known to associate with the pore-forming Ca v α subunits to modify the flavor of channel properties. Further, a family of GTPase molecules called RGKs bind to Ca v channels and regulate their expression and biophysical properties. This is reviewed by Yang Jian and colleagues [6] .
Chemical signals can also trigger Ca 2+ influx at the plasma membrane. Receptors for chemical signals include nicotinic acetylcholine receptor (nAChR), ionotropic glutamate receptor, purinergic receptor, cyclic nucleotide-gated channels, etc. These are non-selective cation channels having various levels of Ca 2+ permeability and selectivity. In many cases, the primary function of the receptor is to generate an excitatory current for electrical signaling. Nonetheless, Ca 2+ influx through these channels does play important roles in regulating signal transduction and can inhibit channel activity through negative feedback.
Another group of Ca 2+ -permeable channels are the TRP channels. This is an extremely diverse collection of chan- nels that are responsive to a wide spectrum of physical and chemical stimuli. Many TRP channels are polymodal, meaning that they can be potently activated by multiple stimuli. Again, most TRP channels support electrical signaling but are Ca 2+ -permeable. The review on TRPC4 by Zhu Michael X. and colleagues [7] gives an example of the complicity of TRP channels.
Furthermore, the Orai Ca 2+ channels are unique in that their activity is controlled by information coming from inside the cell. [9] illustrates how genetic mutations in a cardiomyocyte-specific RyR leads to arrhythmia. Ca 2+ ions entered into the cytosol through plasma and intracellular channels are taken back by transporters. Given the steep concentration gradients, Ca 2+ reuptake by transporters is a challenging job. In the plasma membrane, there are one pump and two transporters to move Ca 2+ out of the cell. The plasma membrane Ca 2+ -ATPase (PMCA) is a pump that uses the energy released from ATP hydrolysis to drive Ca 2+ efflux. Na + -Ca 2+ exchanger (NCX) relies on the transmembrane Na + concentration gradient as energy source, while Na + -Ca 2+ -K + exchanger (NCKX) takes advantage of both Na + and K + gradients. A major difference between PMCA and the exchangers is that PMCA exhibits high-affinity but low-capacity, while the exchangers exhibit low-affinity but high-capacity. Working together, the pump and exchangers ensure effective Ca 2+ export. signaling is beneficial for speed, specificity, as well as sensitivity. The ability to detect local events generated by a small number of Ca 2+ ions and protein molecules has been greatly limited by the sensitivity and resolution of available methods. It is likely that the development of new Ca 2+ sensors and super-resolution microscopy will substantially advance this area of research.
An exciting new area is the structural investigation of proteins involved in Ca 2+ signaling, in particular the revealing of high-resolution structures of Ca 2+ transport proteins. Crystallography continues to yield high-resolution structures of proteins packed in crystal lattice. Latest developments in cryo-electron microscopy (cryo-EM) technologies, especially for electron detection (e.g., the use of direct detection device K2), have demonstrated great promise for structural study of membrane proteins. Indeed, solving TRPV1 structures at resolutions up to 3.4 Å by the cryo-EM approach [11] indicates that a new era of membrane protein structural investigation has arrived. In this issue, Wang LiGuo and Tonggu LiGe introduce the latest developments in preparation of membrane protein samples and lipid reconstitution methods for structural and functional studies [12] .
Given the ubiquitous role of Ca 2+ as a signaling ion, it is not surprising that so many diseases are caused by deregulation of Ca 2+ -mediated events. Knowledge on the role Ca 2+ plays in hypertension, diabetes, excitotoxicity (apoptosis and necrosis), blood coagulation, neurodegenerative diseases, infertility, and others will continue to guide clinical practice and pharmaceutical pursuit. The advance in understanding the signaler will continue to signal new hope for patients. Zagotta on the cyclic nucleotide-gated channels activation mechanism and novel ion channel fluorescence techniques. Currently, his research focuses on the activation mechanism of the temperature-sensitive TRP channels.
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